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Optical amlysis system, blood analysis system and method of detemmung an ampUtude of a 
piincipal component 



The invention relates to an optical analysis system for deteimining an 
ampHtude of aprincipal component of an optical signal, the optical analysis system 
comprising a multivariate optical element for weighing the optical signal by a spectral 
weighing function, and a detector for detecting the weighed optical signal. 

5 ^^^^^ti^^fi^^^'elates to a blood analysis system comprising such an 

optical analysis s^tem^ 

The invention &rther relates to a mefliod of deteimining an amplitiide of a 
principal component of an optical signal, tiie mefliod conq,rising flie steps of weighing tiie 
optical signal by a multivariate optical element having a spectral weighing fimction, and 
0 detecting the weighed optical signal by a detector. 



m 



US-Bl-6,198,531 discloses an embodiment of an optical analysis system 
described in the opening paragi^h. 

The known optical analysis system is part of a spectroscopic analysis system 
suited for, e.g., analyzmg which compounds are con^Mised at which concentrations in a 
sample. It is weU Imown tiiat light interacting witii ±c sample carries away information about 
tixe compounds and tixeir concentrations. The underiying physical processes are e:q>loited in 
optical spectroscopic techniques in which Hght of a Hght somce such as, e.g., a laser, a lamp 
or hght emitting diode is directed to flie sample for generating an optical signal which 
this ixifonnation. 



orin 



For example, light may be absorbed by the sample. Alternatively 
addition, Ught of a known wavelengflx may mteract with Hxe sample thereby generating Hght 
at a different wavelengfli due to, e.g., a Raman scattering process. The transmitted and/or 
generated light tiien constitutes tiie optical signal which may also be referred to as tire 
spectrum. The relative intensity of the optical signal as fimction of tiie wavel^gfli is then 
indicative for the confounds comprised m tiie sample and tiieir concentrations. 

To identify tiie compounds cbnq)rised m tiie sample and to determine then: 
concentiations tiie optical signal has to be analyzed, m flie known optical analysis system flie 
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optical signal is analyzed by dedicated hardware comprising an optical filter. This optical 
filter has a ttansmission which depends on the wavelength, i.e. it is designed to weigh the 
optical signal by a specttal weighing fiaiction which is given by the wavelengfli dependent 
transmission. The spectral weighing fimction is chosen such that the totel intensity of the 
weighed optical signal, i.e. of flie light transmittedby Uie filter, is directly proportional to the 
concentration of a particular compound. Such an optical filter is also referred to as a 
multivariate c^tical element This intensity may be convenientiy detectedby a detector such 
as, e.g., a photo diode. For every compound a dedicated optical filter witii a characteristic 
si^ wei^g fimction is used. The optical filter may be, e.g., an interference filter 
having a tiansmission constituting the desired weighing function. 

For a successful inq)lementation of this analysis scheme it is essential to know 
tixe spectral weighing functions corresponding to tiie compounds of interest. The spectral 
weighing fimction may be obtained by performing a princq«l con5,onent analysis of a set 
comprising N spectra of N pure conq,omids of known concentration where N is an integer. 
Each spectrum conqmses flie intensity of tiie corresponding optical signal at M different 
wavelengflis where M is an mteger as well. Typically, M is much larger lhan N. Each 
spectrum containing M intensities at corresponding M wavelengflis constitutes a M 
dimensional vector whose M components are fliese intensities. These vectors are subjected to 
a linear-algebraic process known as singular value decomposition (SVD) which is at tiie heart 
of principal component analysis and which is well understood in tins art 

As a result of flie SVD a set of N eigenvectors Zn wifli n being a positive 
integer smaller flian N+1 is obtained. The eigenvectors Zn are linear combinations of flie 
original N ^ectra and oflen referred to as principal component vectors or regression vectors. 
Note, tiiis is tme for SVD, however in general flie regression vector does not have to be a 
liBe^ combination of flie original spechra. Typically, tiie principal component vectors are 
mutually orfliogonal and determined as normalized vectors wifli jznH . Using tiie principal 
component vectors tiie optical signal of a sanq-le comprising tiie conqK,unds of unknown 
concentration may be described by flie combination of flie normalized principal component 

vectors multiplied by flie ^ropriate scalar multipUers: 

X1Z1+X2Z2+. . 



The scalar multipliers x. witii n being a positive integer smaller flian W-1 may be considered 
flie ampUtudes of flie principal component vectors z„ in a given optical signal. Each 
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multipHer Xn can be determined by treating the optical signal as a vector in the M dimensional 
wavelength space and calculatmg the direct product of this vector with a principal component 
vector z„. The result yields the ampUtude x„ of flie optical signal in the direction of the 
nonnalized eigenvector The ampKtudes Xn correspond to the concentrations of the N 
compounds. 

In the known optical analysis system tibe calculation of the direct product 
between the vector representing the optical signal and the principal component vector is 
implemented in Hie hardware of ihe optical analysis system by means of the optical filter. The 
optical filter has a transmittance such that it weighs the optical signal according to the 
cQniponents of the principal component vector, i.e. tiie principal component vector 
constitutes the spectral weighing function. The filtered optical signal may be detected by a 
detector which generates a signal witii an anq)litude proportional to tiie amplitude of the 
princqial conq>onent vector and thus to tiie concentration of tiie coixesponding compound. 

In a physical sense, each principal component vector is a constructed 
"spectrum" with a shape in a wavelengfli range within tiie optical signal. contrast to a real 
spectrum, a principal component vector may comprise a positive part in a first spectral range 
and a negative part in a second spectral range. In this case the principal component vector has 
positive components for tiie wavelengflis corresponding to tiie first spectral range and 
negative components for tixe wavelengths corresponding to tiie second spectral range. 

It is a disadvantage of tiie known optical analysis system that tiie ampUtude of 
tiie principal component may be determined relatively inaccurately, e.g. when tiie optical 
signal comprises a further component which is not accounted for correcfly in tiie principal 
component analysis. In such a case flie spectral weighing function may be determined 
relatively inaccurately resulting in a relatively inaccurate determination of tiie amplitude of 
flie principal component In addition to tiie principal component weighed by tiie weij 
function, tiie multivariate optical element may a least parfly transmit tiie fiiriher component 
As a result tiie detected weighed optical signal may conqirise a part relating to tiie ampUtude 
of tiie principal component and a furflier part relating to a further ampUtude of flie fiirther 
component, tiie fiirther part causing tiie inaccuracy. In such a case it is common practice to 
repeat flie principal component analysis, taking into account flie fiirther component as weU. 
This approach is, however, relatively time and money consuming. It requires a new dedicated 
optical filter having tiie new adjusted spectral weighing fiinction. This ^>proach may be 
unreaUstic in situations where tiie fiirther component cannot be identified or where it is not 
stable in time. 
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It is an object of the invention to provide an optical analysis system of the kind 
described in the opening paragraph, which is able to determine the anq)Utude of the principal 
con?K)nent relatively accurately when the optical signal comprises a further component 
which is not accounted for correctly in the principal component analysis, without the need for 

an extended princ^ component analysis. 

According to the invention the object is realized in that the optical analysis 
system further comprises a modulator element for modulating the detected weighed optical 
signal such that a difference between fbs modulated detected weighed optical signal and the 
vmmodulated detected weighed optical signal relates to flie ampUtude of the principal 
conq»onent In this case the anq)Utude of the principal component may be determined at least 
approximately fiom this difference. The furtber con^onent is then at least partly accounted 
for and removed which leads to an inqproved accuracy without requiring an additional 

extended principal conxponent analysis. 

The detected weighed optical signal may be modulated such that the principal 
component is reduced and Ibe furflier component is mainly detected. The ampUtude of the 
principal component may then be derived proximately fix>m the unmodulated detected 
weighed optical signal minus the modulated detected weighed optical signal. Alternatively, 
the detected weighed optical signal may be modulated such that the further conqjonent is 
reduced and the principal component is mainly detected. The ampUtude of the principal 
component may then be derived ^oximately from the modulated detected weighed optical 



signal minus the vi 



lodulated detected weighed optical signal. 
The larger flie modulation depth, i.e. the more effectively the respective 
component is reduced compared to the other component, flie more accurate the ampUtude of 
the principal component may be determined. The modulation depth may be 50 % or more 
such as e.g. 75 % or 90 %. An additional caUbration may be required to quantitatively 
correlate the change due to the modulation to the ampUtude of the principal component Such 
a caUhration is more sin5)le than an extended principal component analysis. The caUbration 
may be done using a sample with a known concentration of the analyte of interest. 

The optical analysis system may further comprise a signal processor for 
determining the ampUtude of the principal component from the difference between the 
modulated detected weighed optical signal and the detected weighed optical signal. 
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According to the inventioB tiie optical signal is not restricted to optical signals 
having wavelengths which are visible by the human eye. The optical signal may comprise 
spectral components in the ultra violet (UV) and/or in the infra red (IR) spectral. Here, the IR 
spectral range may comprise the near infra red (NIR) and the fax infra red (FIR) which has a 
5 frequency above 1 THz, and all intermediate wavelengths as well. 

According to the invention the principal component is not limited to a pure 
principal component. Here, a pure principal component refers to a mathematically exact 
eigenvector for a certain compound. A principal component may also correspond to a noixture 
of several compounds of known concentrations. 
10 The fiirther component may at least in part be due to background light detected 

by the optical analysis system. The background light may be caused by lig^t scattering ofiT 
optical componrats of the optical analysis system and/or by light originating from sources 
outside the optical analysis system. The bacl^ound light nciay be changing in time such that 
it is not possible to account for it properly in the principal component analysis. 
15 The prmcipal component may relate to an electronic, vibrational and/or 

vibronic transition of an analyte. The further contponent may relate to an electronic, 
vibrational and/or vibromc transition of a substance other than the analyte. The principal 
component may relate to a Raman spectrum of an analyte. The further component may relate 
to a fluorescence spectrum of a substaace carryioig the analyte and/or of the analyte itself or 
20 to a fluorescence spectrum of a substance in between the detection volume and the detector 
such as human skin tissue or optical elements. 

The multivariate optical element may weigh the optical signal by the spectral 
weighing function in transmission and/or in reflection. 

The spectral weighing function may be obtained in other ways than by the 
23 principal component analysis, e.g. by any matiiematical ortiiogonalisation procedure, any 

multivariate analysis method, for example partial least squares (PLS), a generic algorithm or 
a neural network. 

The modulator element may modulate the optical signal before and/or after the 
weighing by the multivariate optical filter. 
30 The modulator element may be able to modulate the detected weighed optical 

signal with a frequency and a phase and the signal processor may be able to determine the 
amplitude of the principal component from the difference between the modulated detected 
weighed optical signal and the detected weighed optical signal having the frequency and the~ 
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phase. Such a phase-sensitive detection scheme results in a relatively high signal-to-noise 
ratio because it reduces noise having a different frequency and/or phase. 

The optical analysis system may fiirther conq>rise a hght source for providing 
light for illuminating a sample comprising a substance having a concentration and thereby 
S generating the principal component The amplitude of the principal component may then 
relate to the concentration of the substance. The relation may be a linear relation between the 
amplitude and the concentration. Such an optical analysis system may be a spectroscopic 
analysis system. 

The modulator element may be arranged to modulate a property of Ihe light 
10 provided by the light source. The part of the detected weighed optical signal relating to the 
amplitude of the principal component and the ftirther part of the detected weighed optical 
signal relating to a further amplitude of the fiirther component may depend on the property 
the light in different ways. In this way these two parts of the detected weighed optical signal 
may be separated in a convenient way by modulating a property of the light provided by the 
15 Ught source. 

The property of the light to be modulated by the light source may comprise the 
intensity of the light. This modulation scheme may be applied when the principal component 
and the further component have different dependencies on the intensity of the Hght For 
instance, tibe principal component may have a linear dependence on the intensity due to e.g. 

20 linear absorption and/or spontaneous Raman scattering, and the fiirther component may be 
independent from the intensity and may be due to e.g. background light In this case, the part 
of the detected weighed optical signal may be determined by simply reducing the intensity of 
the light to zero. Alternatively, the intensity may be reduced by a certain percentage, e.g. by 
50 % and the change in the detected weighed optical signal may be used to calculate the 

25 amplitude of the principal component which in this example is equal to twice the change in 
the detected weighed optical signal 

Alternatively, the principal component may be due to a non-linear optical 
process such as e.g. two photon absorption, stimulated Raman scattering and/or hyper-Raman 
scattering, and the further component may have a linear dependence on the intensity due to 

30 e.g. linear absorption and/or spontaneous Raman scattering or it may be independent from the 
intensity and may be due to e.g. background lig^t. In this case the intensity may be reduced 
by a certain percentage, e.g. by 90 %. Because of the non-linear dependence of the principal 
component this component is reduced much more than the further component At the reduced 
intensity the detected weighed optical signal may be hence approximately attributed to the 
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ment scales linearly with the intensity, the further 
con^nent at 100 % of the light may be calculated by multiplying the signal at in this 
exanq)le 90 % reduction by a fector of in this example nine and subtracted from the detected 
weighed optical signal, e.g. by the signal processor. 

In yet another alternative embodiment, the principal component m^ have a 
linear dependence on the intensity due to e.g linear absoiption and/or spontaneous Raman 
scattering, and the fimher component may be due to a non-lmear optical process such as e.g. 
two photon absorption, stimulated Raman scattering and/or hyper-Raman scattering. 

The property of the Ught to be modulated may comprise the polarization state 
of Ihe ligjit The polarization state of the Hght may be e.g. lineariy polarized along a 
polarization axis or it may be circularly polarized. This modulation scheme may be 
when the principal component and the further component have different dependencies on the 
polarization state of the Hght. The further component maybe mdependent of the polarization 
state of the hght whereas the principal component depends on the polarization state of the 
Ught. In this case &e change in the detected weigjhed optical signal is directly related to the 
princqwl component and fiee fixjm the further component Examples of the fiirther 
con^onent may be background light, a depolarized Raman scattering signal and/or a 
depolarized fluorescence signal. Examples of the principal component may be a polarized 
Raman scattering signal and/or a polarized fluorescence signal. Other examples of the 
principal component may be polarized transmitted light in absorption spectroscopy, 
polarization spectcosci^, polarimetry. 

The term "depolarized" indicates that the polarization of the optical signal 
generated by the Kght is independent of the polarization state of the light The term 
••polarized" indicates that the polarization of the optical signal generated by the light depends 
on the polarization state of the Hght as described by the formula: 



f E \ 


(a 




(E. \ 

Lb" 


E 




2) 





Here we use Jones matrices to represent the polarization. E, a ,b, c and d can be complex 
numbers to represent elliptically polarized light a and b may be different, and/or c and d may 



be different 



Instead of the Hght the modulator element m^ be arranged to modulate a 
property of tiie optical signal, i.e. the optical signal is sent to flie modulator element after 
interaction of the Hght with the sample, if tire sample is present The part of tiie detected 
weighed optical signal relating to tiie ampHtude of flie principal component and tiie further 
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part of the detected weighed optical signal relating to a further amplitude of the further 
component may depend on the property the optical signal in different ways. The property of 
the optical signal may.comprise tiie polarization slate of flie optical signal. 

The property of the Ught to be modulated may comprise a spectral bandwidfli 
of Ihe Ught The bandwidtii of the Ught may be varied fiom a relatively broad bandwidth to a 
relatively small bandwidfh or vice versa. This modulation scheme may be ^Ued when tiie 
principal component and ihe further conqKment have different dependencies on tiie 
bandwidfli of the Ught For instance the finrther component may be independent of the 
bandwidtii of the Ught This is e.g. flie case when tiie further component is independent of tiie 
Ught The further compoaeat may depend on the background Ught Alternatively or in 
addition, tiie further con5)onent may depend on tiie Ught but may be, witiiin certain Umits, 
independent of tiie bandwidth. For instance, tiie finther component may be due to 
fluorescence which may have a broad spectmm which is ratiier insensitive to tiie bandwidtii 
of flie Ught mdudng tiie fluorescence. The principal con^nent may comprise a Raman 
scattering signal which may have a bandwidfli which may be mainly determined by flie 
bandwidth of the Ught mdudng the Raman signal. 

The property of flie Ught to be modulated may comprise a wavelengfli of flie 
U^t The wavelengfli of flie Ught may be varied from a relatively short wavelength to a 
relatively long wavelengfli or vice versa. This modulation scheme may be appUed when tiie 
princq>al component and flie fbrther component have different dependencies on tiie 

wavelengfli of flie U^t For instance tiie further component may be independent of tiie 
wavelengfli of flie Ught This is e.g. tiie case when flie fiirther conq?onent is independent of 
flie light The further component may depend on tiie background Ught Alternatively or in 
addition, tiie forther component may depend on tiie Ught but may be, witiiin certain Umits, 
ind^endent of tiie wavelengfli. For instance, tiie further conq»onent may be due to 
fluorescence which may have abroad spectrum which is raflier insensitive to tiie wavelengfli 
of tiie Ught mducing tiie fluorescence. The principal component may comprise a Raman 
scatiedng signal. The Raman scattering signal may have a spectnim wifli peaks tiie position 
of which depends on tiie wavelengtii of tiie Ught inducing tiie Raman scattering signal. Due to 
tiie modulation of tiie wavelengtii tiiese peaks shift The weighing function may have a 
structure such tiiat tiie Raman peaks of tiie unmodulated optical signal are weighed and 
detected by tiie multivariate optical element whereas tiie Raman peaks of tiie modulated 
optical signal are blocked and not detected. 
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The multivariate optical element may have a weighing fimction which is 
adjustable. The modulator element may be arranged to modulate the weighing fimction of the 
multivariate optical element such that the part of the detected weighed optical signal relating 
to the amplitude of the principal component and the jEurther part of the detected weighed 
5 optical signal relating to a further amplitude of the further component depend on the 

modulated weighing fimction in different ways. For instance the multivariate optical element 
may have a spectral weighing fimction with relatively narrow spectral bands, e.g. 
corresponding to a Raman wavelength of the principal component. The spectral weighing 
function of the multivariate optical element may be modulated such that the relatively narrow 

10 spectral bands are shifted to a wavelength where the Raman wavelength of the principle 
component is no longer detected. The &rther component may con:;{)rise a fluorescence 
spectrum which is approximately constant over the range over which the spectral bands are 
shifted. In this way tiie intensity of the fiuorescrace maybe determined at least 
approximately when the spectral bands in the weighing function are shifted The intensity of 

IS the fluorescence may then be subtracted from the weighed detected optical signal when the 
spectral bands are not shifted. 

The multivariate optical element may comprise a dispersive element such as a 
grating or a prism for sfpectrally dispersing the optical signal, and an weighing element with 
adjustable segments for receiving spectral coir^onents of the spectrally dispersed optical 

20 signal and for distributing the optical signal weighed by the spectral weighing function to the 
detector. The modulator element may be able to modulate the ac^ustable segments. 
Alternatively or in addition, the modulator element may modulate the dispersive element 
The weighing element may comprise an array of liquid crystal cells. Each of the cells may 
constitute an adjustable segment. The liquid crystal cell may constitute a polarization 

25 sensitive transmission filter. The transnoission may be adjusted by orienting the liquid crystal 
molecules, e.g. by applying a voltage across the cell. 

The optical analysis system according to the invention may be part of a blood 
analysis system arranged to analyze a sample comprising blood. The sample naay be hirvivo 
blood, i.e. still contained in a human or an animal, or in-vitro blood, i.e. blood extracted from 

30 a human or an animal. The analyte may comprise one or more elements selected from e.g. 
glucose, lactate, glycohemoglobin (HbAlc), hemoglobin, hematocrit, cholesterol (total, 
HDL, LDL), triglycerides, urea, albumin, creatinin, oxygenation, pH, bicarbonate, and many 
others. The principal component may comprise the Raman spectrum of the one or more 
elements. The &rther component may comprise the fluorescence spectrum of the medium in 
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which the one or more elements are dissolved or contained The medium may comprise 
water, human or animal skin tissue, optical elements in the light path, and/or emersion 
medium. 



5 

These and other aspects of the optical analysis system, the blood analysis 
system and the method of analyzing an optical signal according to the invention will be 
further elucidated and described with reference to the drawings, in which: 

Fig. 1 is a schematic diagram of an embodiment of the optical analysis system; 
10 Figs. 2A and 2B are spectra of tiie optical signal generated £rom blood in the 

skin and from a sample comprising one analyte in a solution; 

Fig. 3 is a spectral weighing fimction implemented in a multivariate optical 

element; 

Fig. 4 is a sch^oiatic spectrum of an optical signal comprising principal 
IS components and a &rther component; 

Fig. 5 is a schematic diagram of the spectral weighing funclion corresponding 
to one of the princ^>al ccmiponents of Fig. 4; 

■ 

Figs. 6A, 6B and 6C are schematic spectra of Hxe unmodulated detected optical 
signal weighed by the spectral weighing Amotions shown in Figs. 5 A and 5B, the modulated 
20 detected optical signal weighed by the spectral weighing functions shown in Fig. 5, and the 
difference between these two spectra; 

Figs. 7A-7D are schematic spectra of the optical signal without and willi 
modulation of the spectral bandwidth of the light provided by the li^t source, of the 
modulated detected optical signal weighed by the spectral weighing functions shown in Fig. 
25 S, and of the difEbrence between the unmodulated detected optical signal weighed by the 
spectral weighing functions shown in Fig. 5 and the modulated detected optical signal 
weighed by the srpectral weighing functions shown in Fig. 5, respectively; 

Fig. 8 is a schematic spectrum of the optical signal with modulation of the 
wavelength of the light provided by the light source; 
30 Fig. 9 is a schematic diagram of the wavelength of the light provided by the 

light source as function of time; 

Fig. 10 is a schematic drawing of a multivariate optical element wherein the 
weighing fimction of the multivariate optical element is adjustable and the modulator element 
is arranged to modulate the weighing fimction of the multivariate optical element. 
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The Figures are not drawn to scale. In general, identical components are 
denoted by the same reference numerals. 

5 In the embodiment shown in Fig. 1 the optical analysis system 20 for 

determining an amplitude of a principal component of an optical signal comprises a light 
source 1 for providing light for illuminating a sample 2 comprising a substance having a 
concentration and thereby generating the principal component The amplitude of the principal 
component relates to the concentration of the substance. The light source 1 is a laser such as a 

1 0 gas laser, a dye laser and/or a solid state laser such as a semiconductor or diode laser. 

The optical analysis system 20 is part of a blood analysis system 40. The 
sample 2 conq>rises skin with blood vessels. The substance may be one or more of tiie 
following analytes: glucose, lactate, cholesterol, oxy-hemoglobin and/or desoxy-hemoglobin, 
glycohemoglobin (HbAlc), hematocrit, cholesterol (total, HDL, LDL), triglycerides, virea, 

15 albumin, creatinin, oxygenation, pH, bicarbonate and many others. The concentrations of 
these substances is to be determined in a non-invasive way using optical spectroscopy. To 
this end the light provided by the light source 1 is sent to a dichroic mirror 3 which reflects 
the light provided by the light source towards tiie blood vessels in the skin. The ligfht may be 
focused on tiie blood vessel using an objective 12. The lig^t may be focused in the blood 

20 vessel by using an imaging and analysis system as described in the international patent 
appUcation WO 02/057759. 

By interaction of the ligfht provided by the light source 1 with the blood in the 
blood vessel an optical signal is generated due to Raman scattering and fluorescence. The 
optical signal thus generated may be collected by the objective 12 and sent to the dichroic 

25 mirror 3. The optical signal has a different wavelength than the light provided by the light 
source 1 . The dichroic mirror is constructed such that it transmits at least a portion of the 
qptical signal. 

A spectrum of the qptical signal generated in this way is shown in Fig. 2A. 
The spectrum comprises a relatively broad fluorescence backgroxmd FBG and relatively 
30 narrowRamanbandsRB. The X-axis of Fig. 2 A denotes the wavelength slnft with res^^ 

the 785 nm of the excitation by light source 1 in wave numbers, the y-axis of Fig. 2 A denotes 
the intensity in arbitrary units. The x-axis corresponds to zero intensity. The wavelength and 
the intensity of the Raman bands, i.e. the position and the height, is indicative for the type of 
analyte as is shown in the exaiaple of Fig. 2B for the analyte glucose which was dissolved in 



li 



PHNL031492EPP 



12 



22.12.2003 



a coBcentration of 80 mMol in water. The solid line of Fig. 2B shows the spectrum of both 
glucose and water, the dashed line of Fig. 2B shows the difference between the spectrum of 
glucose in water and the spectrum of water without glucose. The amplitude of the spectrum 
with Ihese bands is indicative for the conc^tration of the analyte. 



which may be as complex as that of Fig. 28, the analysis of the spectrum of the optical signal 
is relatively conq^licated. In the optical analysis system 20 according to the invention the 
optical signal is analyzed by a multivariate optical element 5, 6 which wei^bs the optical 
signal by a wei^iing function shown schematically in Figs. 3 and S. The weighing function 

10 of Fig. 3 is designed for glucose in blood. It comprises a positive part P and a negative part 
K. The positive part P and the negative part N each comprise in this Gxaxople more than one 
spectral band. A beam splitter 4 transmits a part of the optical signal to the multivariate 
optical element 5 which weighs it according to the positive part of the weighing function. 
This optical signal weighed by the multivariate optical element S is detected by detector 7 

1 5 which is photodiode. Alternatively, any otiier detector suitable for providing an electrical 
signal in dependence of the intensity of the wei^ied optical signal may be used. The beam 
splitter 4 reflects a part of the optical signal to the multi^^ate optical element 6 which 
weighs it according to the negative part of the weighing fimction. This optical signal weighed 
by the multivariate optical element 6 is detected by detector 8 which may be identical to the 

20 detector 7. A computational element 9 is arranged to calculate the difference between the 
positive and negative signal. This difference is proportional to the amplitude of the principal 
component of the optical signal. The amplitude of the principal component relates to the 
concentration of the substance, i.e. of the analyte. The relation between tiie amplitude and the 
concentration may be a linear dependence. 

25 When the principal component comprises only a positive or only a negative 

component, only one multivariate optical element with one detector may be used. 

The multivariate.pptical element S, 6 may be any known element having the 



desired weighing function. Examples of multivariate optical clients are described in US- 
Bl-6,198,531. 



further component which is not accounted for when constructing the wei^iing fimction. The 
further component may at least partly be due to dark current of the detector 7 and/or 8, due to 
background lig^t, which may be induced by the light source 1 by e.g. scattering off optical 
elements such as the dichroic mirror 3 and/or the objective 12, and/or which may be induced 
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by other sources of light fhan the light source 1. The further contponent may at least partly be 
due to fluorescence of substances which may be other substances than the analytes. For in- 
vivo blood analysis these substances may include hemoglobin, human skin tissue immersion 
medium, opticalm elements and/or hygienic cover. 
S Because the fiirther component is not accounted for in the constraction of the 

weighing function, Ihe weighed optical signal detected by the detector 7, 8 may conprise in 
addition to a part relating to the amplitude of the principal ccnnponent a further part relating 
to a further amplitude of the further component In other words, the detectors 7, 8 generate an 
electrical signal £rom the weighed optical signal which in addition to the amplitude of the 

10 principal component depends on flie amplitude of flie finther component. 

The presence of a further cotrponent is schematically depicted in Fig. 4 which 
shows the spectrum of the optical signal, i.e. the intensity I in arbitrary units as function of 
the wavelength X. In the schematic spectrum of Fig. 4 Ihere are contributions due to 
confounds A, B and C which were taken into account when designing the spectral weighing 

1 5 ftmction shown in Fig. 5. The invention is not limited to this number of compoimds. 

According to the invention the nunoiber of compounds taken into account may be any positive 
integer larger than or equal to one. Further there is a contribution and due to background 
indicated by dashed lines, also referred to as the further component F. The fiirther component 
was not accounted for when designing the spectral weighing function. 

20 In Fig. S the positive part P and the negative part N of the weighing fimction 

each comprise one spectral band only. However, the invention is not linoited to such 
relatively sinople weig^bing fimctions which are chosen here for simplidly of the explanation 
only. Instead, the spectral weighing function may comprise a positive part with one, two or 
more spectral bands. The spectral weighing function may fijrther comprise a negative part 

25 with one, two or more spectral bands as is shown in Fig. 3. 

The intensity of the spectral lines corresponding to the compounds A, B and C 
relates to the concentration of these compounds in the sample. Often the concentration scales 
linearly with the intensity of the spectral lines. From the spectrum of Fig. 4 it is clear that the 
intensity of the spectral line corresponding to compound A is difficult to detennine because 

30 the spectral line overlaps witii one of tiie spectral lines corresponding to compound B. 

Alternatively, the spectral lines may partly overlap or may be separated but so close to each 
other that they cannot be separated by the multivariate optical element because tiie latter does 
not have a sufficient spectral accuracy. 
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In absence of the background one may cope with this diEQculty by weighing 
the optical signal with the spectral weighing fiinction SWF for the princq>al component 
corresfponding to compound shown in Fig. 5. The spectral weighing function may 
represent Hxe relative transmission or reflection of the multivariate optical element as function 
5 of the wavelength- It comprises a positive part P and a negative part N, When there is no 
fixrther component F, the detected optical signal weighed by Ihe positive part P and the 
detected optical signal weighed by the negative part N as shown in Fig. 6C are obtained. The 
difference between the detected optical signal weighed by the positive part F and the detected 
optical signal weighed by the negative part N is directiy proportional to Ihe concentration of 

10 the compound B. 

When the fiirther component F is present the optical signal weighed by Ihe 
positive part P and the negative part N are detected as shown in Fig. 6A. For both the 
negative part and the positive part the detected weighed optical signal comprises a part 
relating to compounds which were accounted when designing the £»pectral weighting function, 

15 in this example compounds A and B. in addition to this part which relates to the amplitude of 
the corresponding principal components, the detected weighed optical signal comprises a 
further part which is due to the further component F. This finlher part which relates to the 
amplitude of the further cotrponent has an intensity FN in the negative part which is different 
from the intensity EP in the positive part. As a result the difference between the positive part 

20 and the negative part comprises a term relating to the amplitude of the further component and 
the amplitude of the principal component is determined inaccurately. A similar inaccuracy 
may also arise when the entire spectral weighing function has the same sign, i,e. when there 
are no separate positive and negative parts. 

To at least partly overcome this inaccuracy the optical analysis system 20 

25 further comprises a modulator element 13 for modulating the detected weighed optical signal 
such that a difference between the modulated detected weighed optical signal and the 
detected weighed optical signal relates to the aniplitude of the principal component 

In the embodiment of Fig. 1 the modulator element 13 is able to modulate a 
property of the light provided by the li^t source 1. The part of the detected weighed optical 

30 signal relating to the amplitude of the principal component and the fixrther part of the 
detected weighed optical signal relating to a further amplitude of the fiirther component 
depend on the property the light in different ways. Embodiments of this dependence will be 
given below. 
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The modulaticm depth may be 100%, i,e. m the detected weighed optical signal 
either tiie part relating to the principal con^jonentCs) or to the fiirther coniponent is absent 
during flie modulation. When the detected weighed optical signal eiflier ti,e part relating to 
the principal component(s) is absent during modulation, the modulated weighed optical 
signal has flie spectiimi shown in Fig. 6B. The difference between the modulated detected 
weighed optical signal and tiie detected weighed optical signal relating to tixe amplitude of 
flie principal component is shown in Fig. 6C. It is free from the further component and 
proportional to tiie amplitude of flie principal component corresponding to compound B. 
Alternatively, tiie modulation depfli may be smaller tiian 100 «/o, cf. e.g. tiie embodiment 
described below with reference to Figs. 7A-7D. 

The optical analysis system 20 may further comprise a signal processor 9 for 
detennimng tiie ampHtude of flie principal component from tiie difference between tiie 
modulated detected weighed optical signal and tiie detected weighed optical signal. 

The modulator element 13 may be able to periodically modulate tiie delected 
weighed optical signal, tiie modulation having a frequency and a phase. The signal processor 
be able to determme tiie ampHtude of tiie principal component from tiie diflerence 

between tiie modulated detected weighed optical signal and tiie detected weired optical 
signal having tiie frequency and tiie phase. To tiiis end tiie modulation by tiie modulator 
element 1 3 may be controUed by a contirol unit 1 1 and tiie signal provided by ihc signal 
processor 9 may be processed by a lock-m detector 1 0 which is well known in tiie art. 

The property of tiie light to be modulated by tiie modulator element 1 3 may be 
flie intensity of tiie tight provided by flie light source 1 . This modulation may be done by an 
automated shutter, by a chopper or by modulating an electrical parameter such as tiie current 
or flie voltage provided to flie light source 1. This is e.g. usefiil when tiie fiirfher can^Mment is 
caused by dark current of flie detectors 7, 8 and/or by light originating from a light source 
other than the light source 1. 

Alternatively or in addition, tiie property of tiie light to be modulated by tiie 
modulator element 13 may comprise tiie polarization state of tiie light provided by flie light 
source 1 . The modulator element 1 3 may be a Pockels cell. This modulation scheme may be 
advantageous when tiie principal component is at least partly polarized due to e.g. polarized 
Raman scattering or fluorescence whereas tiie further component is due to m^wlarized Kght 
such as unpolarized Raman scattering and/or unpolarized fluorescence. The multivariate 
optical element may conqirise a polarizer which transmits or reflects tiie part of tiie optical 
signal having a predefined polarization state such as linearly or circularly polarized light The 
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Hght provided by the Hght source 1 may have a polarization state such as linearly or 
circularly polarized li^t which may be modulated. When modulating the polarization state 
of the Ught provided by the hght source .1, the part of the detected weighed optical signal 
relating to the at least polarized principal component is modulated whereas the forfher part of 
5 tiie detected weighed optical signal relating to the forther component is not modulated. This 
may be used to discriminate these two parts. Alternatively, the principal component may be 
uEpolarized and the fiirther con^nent may be polarized. 

In an embodiment tiie property of tiie hght to be modulated by tiie modulator 
element 13 comprises tiie spectral bandwidtii of tiie hght When a diode laser is used tiie 
10 diode current may be used to set tiie laser to tiie multimode domain. e.g. by making use of a 
relatively broadband optical feedback. Often, flie spectrum of tiie optical signal as shown e.g. 
in Fig. 4 conq»rises relatively narrow peaks. The widtii W of tiie peak may be detemtined by 
relaxation processes specific for tiie corresponding conq?ound and by tiie speclial bandwidtii 
of tiie Hght generating tiie optical signal. The spectral sh^ of tiie peak may be a convolution 
15 of two functions describing tiiese terms. When tiie bandwidtii of tiie light generating tiie 

optical signal is enlarged during tiie modulation, tiie peaks may get a larger widtii W. When 
tiie peaks corresponding to tiie principal components are smaller tiian tiie peak(s) 
corresponding to tiie furtiier component as is shown e.g. in Fig. 4 where tiie peak(s) 
corresponding to tiie furtiier component is so broad tiiat it may be referred to as a spectially 
20 varying background ratiier flian as a peak, tiie former may be changed by tiie modulation 
whereas tiie latter is ^xhnately unchanged. This is depicted in Fig. 7B which shows tiie 
spectmm of tiie optical signal when tiie spectral bandwidtii of tiie Ught is modulated. Fig. 7A 
is tiie spectrum of tiie optical signal when tiie spectral bandwidtii of tiie light is not 
modulated. It is identical to tiie spectrum of Fig. 4. In Fig. 7C tiie speclium of tiie modulated 
25 detected optical signal weighed by tiie speclxal weighing fimctions shown in Fig. 5 is shown. 
It consists mainly of tiie furtiier component F. The spectrum of tiie umnodulated detected 
optical signal weighed by tiie spectiral weighing fimctions shown in Fig. 5 is shown in Fig. 
6A- 

The difference between flie unmodulated detected optical signal shown in Fig. 
30 4 and tiie modulated detected optical signal shown in Fig. 7C is shown in Fig. 7D. This 
difference is approxhnately equal to but not identical to tiie one shown in Fig. 6C which 
depicts tiie exact princqial components. The small differences arise from tiie feet tiiat small 
parts relating to compounds A, B and C are detected during modulation as is shown in Fig. 
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7C. The broader the spectral bandwidth during modulation the smaller this difference is and 
the larger the modulation depth is. 

Instead of modulating the bandwidth itself the wavelength of the light may be 
modulated and flie modulated signal may be integrated as will be described below with 
reference to Fig. 9. 

In an embodiment the properly of the light to be modulated by the modulator 
element 13 comprises the wavelength of the light. Often, the spectrum of the optical signal as 
shown e.g. in Fig. 4 comprises relatively narrow peaks each having a central wavelengfli such 
as Xx and 7^ shown in e.g. Fig. 4. When the peak is due to Raman scattering the central 
wavelength of the peak is proportional to the difference of the inverse of the wavelength of 
the light generating the Raman scattering signal, and the inverse of the wavelength of the 
vibration involved. When the wavelength of the light generating the Raman scattering signal 
is changed during the modulation, the spectral position of the corresponding peaks is changed 
as well. When the fiirther conaponent does not depend on flie wavelength of the hght 
generating the optical signal within tiie tuning range of the wavelengfli, it is not changed. 
This may be the case e.g. when the fiirflier component is due to fluorescence and when the 
fluorescence yield is proximately constant over the tuning range. Alternatively or in 

addition the fiiriher component may be due to Kght originating fiom light sources others than 
the light source 1. 

In Fig. 8 flie spectrum of the optical signal is shown for the example in which 
the Ught inducing tiie optical signal is tuned to a longer wavelength during the modulation. 
The unmodulated spectrum is flie same as in Fig. 4. It is clear from Fig. 4 and 8 fliat tiie 
forther component F is unchanged whereas the position of the peaks corresponding to tiie 
coinpounds A, B and C is shifted to longer wavelengfli as weU. The parts of flie spectrum 
which pass througji the positive and flie negative multivariate optical element 5 and 6, 
respectively, having flie spectral weighing function shown in Fig. 5 are indicated by dashed 
lines. The spectrum of flie modulated detected optical signal weighed by the spectral 
weighmg flmctions shown in Fig. 5 is identical to fliat shown in Fig. 6B. The spectiimi of tiie 
unmodulated detected optical signal weighed by the spectral weighing functions shown in 
Fig. 5 is shown in Fig. 6A. The difference between flie unmodulated detected optical signal 
and tiie modulated detected optical signal is identical to fliat shown in Fig. 6C. When flie 
change in tiie wavelengfli is smaller flian flie widtii of tiie spectral weighing ftmction 

indicated as V in Fig. 5 flie modulation deptii is less tiianl 00 % and an additional caKbration 
may be required. 
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The modulated wavelength may have a fixed value dunng Ihe modulation as is 
indicated by the dashed dotted line in Fig. 9. Alternatively, the modulated wavelengfli may 
vaiy in time as is indicated as example by solid line and the dashed line in Fig. 9. The 
detected weighed optical signal may be integrated over the modulation lime AtM. This results 
in a detected signal which is identical to the one which is obtained in the case of a bandwidth 
modulation in which the modulated bandwidth is AA, indicated in Fig. 9. This modulation 
scheme may be useM for optical analysis systems which do not have multivariate optical 
elements but which may use other means to obtain a spectrum such as e.g. a dispersive 
element for dispersing the optical signal and detector array such as e.g. a CCD camera for 
detecting tiie dispersed optical signal. The dispersed optical signal may be integrated during 
tiie modulation to obtain an approximate background. This background may be subtracted 
ftom the integrated unmodulated dispersed optical signaL The respective integrations are 
integration over periods of time and may be implemented in electronics such as an integrator. 
The dififetence may be calculated by a signal processor. 

In an embodiment of the optical analysis system 20 the modulator element 13 
is arranged to direcfly modulate a property of the optical signal, Le. it does not modulate tiie 
Ught generating the optical signal but flie optical signal itself In tiie example of Fig. 1 tiie 
modulator element is flien located downstream the sample such as e.g. behind the dichroic 
mirror 3. The property of the optical signal to be modulated by tiie modulator element 13 
may comprise tiie polarization state of tiie optical signal. This is analogous to tiie modulation 
of tiie polarization state of tiie tight generating tiie optical signal described above. The li^t 
source 1 may provide polarized tight and tiie optical signal generated fliereby may have a 
polarized principal component and an urpolarized forflier component. The multivariate 
optical element 5, 6 m^ have a polarization dependent transmission and/or reflection. The 
modulator element 13 may be arranged downstream tiie sample 2 but upstream tiie 
multivariate optical element 5, 6. It may modulate tiie polarization of tiie optical signal. The 
result is tiiat tiie part of tiie detected weighed optical signal relating to tiie ampMtude of tiie 
principal conaponent and tiie forflier part of tiie detected weighed optical signal relating to a 
furflier ampUtude of tiie forflier component depend on tiie property flie optical signal in 
different ways. From tins difference tiie amplitude of tiie principal component may be 
determined. 

The optical analysis system 20 may conq)rise a multivariate optical element 5, 
6 shown e.g. in Fig. 10 wherein tiie weighing fonction of tiie multivariate optical element 5, 6 
is adjustable and flie modulator element is arranged to modulate tiie weighing fonction of tiie 
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multivariate optical element 5, 6. The multivariate optical element 5, 6 may comprise a 
dispersive element 30 such as a grating or a prism for spectrally dispersing the optical signal 
and an weighing element 3 1 with adjustable segments 32a and 32b for receiving spectral 
components of the spectrally dispersed optical signal and for distributing the optical signal 
S weighed by the spectral weighing fimction to Ihe detector 7, 8. In the example of Fig. 10 the 
weighing element 31 is an array of liquid crystal elements 32 which are sandwiched between 
two crossed polarizers. The polarizers may be integrated in the liquid crystal elements, e.g. in 
the substrates confining the liquid crystals. The liquid crystal elements may have an 
anisotropic index of redaction which for each column is controlled by the voltage V applied 

10 to Ihe cells of the column as well known in the art. Depending on the voltage the polarization 
state of the light incident on the cell may be changed. Due to the change of the polarization 
state the respective part of the optical signal may be at least partiy transmitted and sent to the 
detector 7, 8. In this way the weigihing function may be realized. 

In the example of Fig. 10 the multivariate optical element S, 6 comprises a 

IS focusing member 33 which is a lens for focusing the spectrally dispersed optical signal on the 
weighing element 31, and a fiirther focusing member 34 for re-collimating the weighed 
optical signal or for focusing it on the detector 7, 8. 

The modulator element 13 may be able to modulate the adjustable segments 
32. The modulator element 13 may induce a change of the voltage controlling the voltage 

20 ^iplied to the liquid crystal cells. In this way the part of tiie detected weighed optical signal 
relating to the amplitude of the princ^l component and the further part of the detected 
weighed optical signal relating to a further amplitude of the fiirther component depend on flie 
modulated weighing function in diffeient ways. 

Instead of an array of liquid crystal elements a transmission filter or a optical 

25 density filter with spatially varying transmission may be used which in combination realizes 
the spectral weighing fiinction. This element may be moved mechanically such that the 
spectral weighing function is effectively modulated. 

In summary, the optical analysis system 20 is arranged to determine an 
amplitude of a principal component of an optical signal. The optical analysis system 20 

30 comprises a multivariate optical element S, 6 for weighing the optical signal by a spectral 
weighing function and a detector 7, 8 for detecting the weighed optical signal. The optical 
signal comprises the principal component and a further component which was not accoimted 
for when designing tiie sfpectral weighing fimction. Therefore, the detected weighed optical 
signal comprises a part relating to the amplitude of the principal component and a fijrther part 
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relating to a further amplitude of the further component The optical analysis system 20 
further comprises a modulator element 13 for modulating the detected weighed optical signal. 
The difference between the modulated detected weighed optical signal and the detected 
weighed optical signal relates to the anq>litude of the principal component and thus allows for 
5 determining the amplitude of the principal component in an accurate way. The blood analysis 
system 40 comprises such an optical analysis system 20. The method of determining an 
amplitude of an principal component makes use of the optical analysis system 20. 

It should be noted that the above -^mentioned embodiments illustrate rather than 
limit the invention, and that those skilled in the art will be able to design many altemative 
10 embodiments without departing from the scope of the appended claims. In the claims, any 
reference signs placed between parenlheses shall not be constmed as limiting the claim. The 
word ^'comprising" does not exclude the presence of other elements or steps than those listed 
in a claim. The word '"a" or "an" preceding an element does not exclude the presence of a 
plurality of such elements. 
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CLAIMS: 



1. An optical analysis system (20) for determining an amplitude of a principal 
component of an optical signal, the optical analysis system comprising: 

a mullivatiate optical element (S, 6) for weighing the optical signal by a 
spectral weighing fimcticm, and 
5 - a detector (7, 8) for detecting Ihe weighed optical signal, 

characterized in that the optical signal comprises the principal component and a &rther 
component, the detected weighed optical signal comprising a part relating to the amplitude of 
the principal component and a further part relating to a finlher amplitude of the fiirther 
component, the optical analysis system (20) further conorprising a modulator element (13) for 
10 modulating the detected weighed optical signal, a diGEerence between the modulated detected 
weighed optical signal and the detected weighed optical signal relating to the amplitude of 
the principal component 

2. An optical analysis system (20) as claimed in Claim 1, further comprising a 
IS signal processor (9, 10) for determining the amplitude of the principal component from the 

difference between the modulated detected weighed optical signal and the detected weighed 
optical signal. 

3. An optical analysis system (20) as claimed in Claim 2, wherein the modulator 
20 element (13) is able to modulate the detected weighed optical signal with a frequency and a 

phase, the signal processor (10) being able to determine the amplitude of the principal 
component &om the di:^rence between the modulated detected weighed optical signal and 
the detected weighed optical signal having the frequency and the phase. 

25 4. An optical analysis system (20) as claimed in Claim 1, fiirther comprising a 

light source (1) for providing light for illuminating a sample (2) comprising a substance 
having a concentration and thereby generating the principal component, the amplitude of the 
principal component relating to the concentration of the substance. 
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5. An optical analysis system (20) as claimed in Claim 4, wherein the modulator 
element (13) is arranged to modulate a property of the light provided by the light source (1), 
the part of the detected weighed optical signal relating to the amplitude of the principal 
component and the further part of the detected weighed optical signal relating to a further 

S amplitude of the further component depending on the prc^erty Ihe light in different ways. 

6. An optical analysis system (20) as claimed in Claim 5, wherein the property of 
the light comprises an intensity of the lig^t. 

10 7. An optical analysis syst^ (20) as claimed in Claim 5, wherein the property of 

the light coniprises a polarization state of the lig^t 

8. An optical analysis system (20) as claimed in Claim 5, wherein the property of 
the light comprises a spectral bandwidth of the light 

15 

9. An optical analysis system (20) as claimed in Claim wheiein the property of 
the light comprises a wavelength of the light. 

10. An optical analysis system (20) as claimed in Claim 1, wherein the modulator 
20 element (13) is arranged to modulate a property of the optical signal, the part of the detected 

weighed optical signal relating to the amplitude of the principal component and the &rther 
part of the detected weighed optical signal relating to a further anq)litude of the further 
cotnponent depending on the property the optical signal in different ways. 

25 11. An optical analysis system (20) as claimed in Claim 10, wherein the property 

of the qptical signal comprises a xK)lari:ration state of the optical signal. 

12. An optical analysis system (20) as claimed in Claim 1, wherein the weighing 

function of the multivariate optical element (S, 6) is adjustable and the modulator element 
30 (13) is arranged to modulate the weighing fimction of the multivariate optical element (5, 6), 
the part of the detected weighed optical signal relating to the anq>Utude of the principal 
component and the further part of the detected weighed optical signal relating to a further 
amplitude of the further component depending on the modulated weighing function in 
different ways. 
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13. An optical analysis system (20) as claimed in Claim 12, wherein the 
multivariate optical element (5, 6) comprises a dispersive element for spectrally dispersing 
the optical signal and an weighing element with adjustable segments for receiving spectral 

5 components of the spectrally dispersed optical signal and for distributing the optical signal 
weighed by the spectral weighing function to the detector, the modulator element being able 
to modulate the adjustable segments. 

14. A blood analysis system (40) comprising an optical analysis system (20) as 
10 claimed in Claim 4, the sample comprising blood. 

15. A method of detennining an amplitude of a principal component of an optical 
signal, the method comprising the steps of: 

weighing the optical signal by a multivariate optical element (5, 6) having a 

15 spectral weighing fimction, and 

detecting the weighed optical signal by a detector (7, 8), 
characterized in that the optical signal comprises the principal component and a jEurther 
component, the detected weighed optical signal comprising a part relating to the amplitude of 
the principal component and a fiirther part relating to a fiirther amplitude of the fiirther 

20 component, the method further CQnoprising ihe step of modulating the detected weighed 
optical signal by a modulator element (13), a difference between the modulated detected 
weighed optical signal and the detected weighed optical signal relating to the amplitude of 
the principal component. 

25 1 6. A method as claimed in claim 1 5, further comprising the step of calculating 

the amplitude of the principal component firom the modulated weighed optical signal and the 
unmodulated weighed optical signal. 
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ABSTRACT: 



The optical analysis system (20) is anaaged to determine an amplitude of a 
principal component of an optical signal. The optical analysis system (20) comprises a 
multivariate optical element (5, 6) for weighing the optical signal by a spectral weighing 
fimction and a detector (7, 8) for detecting the weighed optical signal. The optical signal 
5 comprises the principal component and a flirfher component which was not accounted for 
when designing the spectral weighing function. Therefore, the detected weighed optical 
signal comprises a part relating to the amplitude of the principal component and a further part 
relating to a fiirther amplitude of the further component The optical analysis system (20) 
&rther conoprises a modulator element (13) for modulating the detected weighed optical 

10 signal. The diffetence between the modulated detected weighed optical signal and the 

detected weighed optical signal relates to the amplitude of the principal component and thus 
allows for detemaining the amplitude of the principal component in an accurate way. The 
blood analysis system (40) comprises such an optical analysis system (20). The method of 
determining an amplitude of an principal component makes use of the optical analysis system 

15 (20). 
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